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Abstract. The state of soil fertility from Republic of Moldova in the intensification of degradation 
processes has been presented. Arable soil humus state is the worst in the last 30-35 years. The annual 
loss of humus from agricultural land cleared from above the level of mineralization of 700 kg/ha and 
the total deficit, given the erosion losses consists 1100 kg/year. The current state of actual soil fertility 
is unsatisfactory on the 90% of the land, and about 10% of agricultural land - is critical. Current 
balance of nutrients in soils is profoundly negative caused by non-application of fertilizers. Developed 
programs for increasing soil fertility provide scientifically substantiated measures for their 
implementation on agropedoclimatic zones. 
 




 Republic of Moldova is located in a risky area of agriculture, the limiting factor is 
the soil moisture, and natural disasters risk factors (frost, drought, landslides, floods), and the 
food security problem is one of the primary issues. In relation to increasing anthropogenic 
pressing on the environment, administration, rational distribution within the national 
economy, the sustainable use of land is one of the main strategic objectives to achieve 
environmental and economic issues on climate change, desertification, biodiversity 
conservation, and poverty combating. 
 Upon in the historical aspect the exploitation of the land in agriculture increased in 
the second half of the XIXth century. The highest level of use as arable and perennial 
plantings in the territory of Moldova reached in 1900 (70.4%). As a result of the extreme 
expansion of arable land along the 50 years (1850-1900) were deforestation about 100 
thousand ha of forest and fallow about 1.5 million hectares of pastures and hayfields. This led 
to massive soil erosion and increased the degradation of all environment components 
(Cerbari, 2010). 
 The extensive system, existing in Moldova’s agriculture leads to decrease the volume 
of agricultural production and degradation of soil resources. In the past 20 years, the 
application of organic fertilizers decreased 30 times, minerals 20 times. Surface of biological 
nitrogen-fixing legume crops in the atmosphere decreased 4-5 times, as a result, actual land 
fertility declined considerably, humus and nutrient balance is negative, the productivity and 
quality of  the field crops is low (Informational system…, 2000). 
 
MATERIALS AND METHODS 
 
 The actual status of soil fertility in condition of degradation processes was performed 
on the data acquired in different periods of research in the field of long-term experience of the 




RESULTS AND DISCUSSIONS 
 
 Humus state of soils The current humus status of soil is determined by the 
agricultural exploitation period. The Research that was conducted in Moldova for more than 
100 years established that chernozems contained about 5-6% of humus. In the following years 
the natural fertility of the soil was in a permanent decline, although that these processes 
rhythm had different rates depending on agricultural land mode of use. The average value of 
losses of soil organic matter consists up to 0.51 t/ha per year (Leah, 2012). 
 Currently the humus content in soils of Moldova reached 3.1% on average for the 
completely studied area. Natural fertility of soils consists 50-60% from the initial value. The 
current period regarding soil humus stabilization is critical. If the degradation of natural 
fertility will not be stopped by appropriate measures, the humus will reach values of 2%, 
corresponding to the minimum threshold for chernozem. Humus stabilization at this level will 
limit yields at 1.5-2 t/ha grain. Fertility regeneration from the critical level will be very 
difficult to be optimized, will require much more effort, expense and longer time (Leah, 
2012). 
 Humus losses from agricultural soils have been related to several factors including: 
practiced crop rotations, tillage, and amount of organic matter, returned with organic 
fertilizers. Crop rotation must repay most of the mineralized humus in the soil. Application of 
the organic fertilizers and other factors favoring the accumulation of humus in soil ensures 
conservation and increased fertility. Loss of humus from growing corn grain varies widely 
depending on the year conditions and areas of employment. The average losses in the 10 years 
consists 520 thousand tons, or 1.56 t/ha. Losses of humus from 1 ha of sugar beet were 2 t/ha 
on the average. Sunflower in this regard has been situated between corn grain and sugar beet. 
Share weeding crops in recent years is excessive and close to 65% of the total arable areas 
(Tab. 1).   
 
Tab. 1. 
Soil humus balance on agricultural crops (average data) 
 
Culture 
Humus  stock Humus losses Humus balance 
thousand  t t/ha thousand  t t/ha thousand t t/ha 
Winter wheat 285 0.90 401 1.06 -116 -0.16 
 Winter barley 62 0.68 69 1.09 -7 -0.41 
 Spring Barley 26 0.60 47 1.06 -21 -0.46 
Oat 2 0.49 33 0.85 -31 -0.36 
Corn 251 0.74 520 1.56 -269 -0.82 
 Sunflower 55 0.38 171 1.20 -116 -0.82 
 Sugar beet 47 0.69 157 2.00 -110 -1.31 
Tobacco 22 0.88 178 0.72 -156 -0.68 
Vegetable crops 12 0.22 26 0.57 -14 -0.32 
Peas 18 0.46 24 0.60 -6 -0.14 
Beans 6 0.29 7 0.37 -1 -0.08 
Soy 4 0.32 5 0.84 -1 -0.52 
Corn, green 
mass 
53 0.32 140 0.87 -87 -0.55 
Perennial 
grasses 
44 0.85 24 0.62 +20 +0.23 
Average 63 0.50 129 1.00 -66 -0.5 
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 Dense sown crops are more favorable in terms of soil humus losses. For winter 
wheat, spring and winter barley, the humus mineralization slightly exceeds the level of 1 t/ha 
on average of 10 years, and the cultivation of oats is below of this threshold. 
For the regeneration of the soil fertility it is important the growing of perennial grasses that 
contribute to their enrichment to/of the organic matter. Perennial grasses, which in 1990 
occupied an area of about 100 thousand ha, now have a very insignificant share. 
 Consequently, arable soils losing annual are large amounts of humus, difficult to 
offset with available organic fertilizers. If the annual loss of soil organic matter adding 
mineralization by erosion caused by water, reaching a value of 606 thousand t or 0.43 t/ha, 
then each hectare of farmland are lost annually 1.43 tons of humus (Complex program…, 
2004).  
 Weeding crops most appropriate the soil humus decomposition. Corn grain and sugar 
beet bring to soil only 700 kg/ha, humus with plant residues, i.e. 2-3 times less than the 
consumer does. Cereals cultures have a similar intake of humus, but consume much less. 
 Another very important source of soil organic matter is the local organic fertilizers. 
With balanced crop rotation in terms of regeneration of soil fertility, it is for them to   
compensate the deficit of humus. In 1990, the expenses of organic fertilizers in arable soils 
formed 417 thousand tons of humus, the amount considered more than 25% of the total 
obtained. In subsequent years until the present quantities of organic fertilizers applied in 
agriculture have decreased gradually to sizes that cannot be taken into account. This source of 
regeneration humus in the soil because not used for the purposes indicated has become the 
main factor of environmental pollution. 
 The 10-year average data on arable soil humus formed from plant residues and 
applied organic fertilizers shows that farming has directed towards unilateral exploitation of 
soil fertility in the absence of measures that lead to its preservation (National …, 2001). 
 Plant residues only 50% compensate average annual loss equal to 1000 kg humus per 
hectare. Consequently, a soil dehumification rhythm has been exploited in agriculture equal 
to 500 kg humus per year, without taking into account losses due to erosion by water. 
 Cereal crops negative balance of humus varies from 0.16 t/ha for winter wheat to 
0.46 t/ha for spring barley. The largest negative values of humus balance have been fixed in 
cultivation of weeding crops. Losses rhythms of soil organic matter on corn crop are equal to 
0.82 t/ha. The same rate has been established for sunflower. Sugar beet has been characterized 
by maximum values of uncompensated losses of humus equal to 1.3 t/ha. Vegetable crops 
according to rates of soil organic matter losses the same as cereals. The peas and beans crops 
determined a slightly negative balance of humus with values ranging from 0.14 to 0.08 t/ha.  
 Negative balance of humus in the soil is characteristic to all crops except the 
perennial grasses. The average data on accumulation and decomposition of organic matter in 
soil in the cultivation of perennial grasses show their special role in preserving the fertility. 
From surface and underground plant residues were synthesized annually 44 thousand tons of 
humus, while losses of the biochemical decomposition were 24 thousand tons. These soils 
accumulate about 20 thousand tons of humus, or 0.23 t/ha. Perennial grasses in Moldova’s 
agriculture must be a fundamental factor in maintaining and enhancing the soil fertility. The 
current situation with maximum losses of soil organic matter and minimum offset their crop 
residues is largely due to the fact that over 10 years, areas of alfalfa and other perennial 
grasses sharply at the expense of the considerable increase in weeding crop rate (Tab.2).  
 Humus balance in arable soil observed in the early '90s at slightly negative has now 
been stabilized at lower levels, with annual uncompensated losses equal to 0.74 t/ha. This 
situation is characteristic for the following years (2000-2010) because changes in carbon 
flows have not occurred. During the 40 years (1971-2011), humus balance was permanent 
33 
 
negative, but the deficit values were different depending on the crop rotation and quantities of 
soil organic matter returned to the local fertilizers. The annual losses of humus in arable soils 
due to erosion by water exceeds the level of 1 t/ha per year. 
 
Tab. 2. 










1971-1975 2.9 -0.5 -0.9 
1976-1980 3.9 -0.4 -0.8 
1981-1985 6.0 -0.1 -0.5 
1986-1990 5.6 -0.1 -0.5 
1991-1995 2.6 -0.4 -0.8 
1996-2000 0.1 -0.7 -1.1 
2000-2010 0.1 -0.9 -1.3 
 
 Status of humus in arable land is the worst in the last 30-40 years. Priorities measures 
have been taken for improvement of the humus status in arable soil are the following:  
the minimization of the soil loss by hydric erosion;  
the optimization of crop rotation by lowering the rate of weeding crops and increasing surface 
of annual and perennial grasses mostly;  
the minimization of the soil work to stop the process of decomposition of soil humus, 
widespread use all available resources of local organic matter to fertilize soil (waste from 
livestock, communal, and processing of agricultural raw materials and other waste organically 
valid for obtaining organic fertilizers). 
 Trace elements status of soils   Requirements in micro nutrients for forming 1 tone of 
the main production of various crops ranges from 0.2 to 81 g/t The total arable area by the 
degree of assurance "low" and "very low" of Mn is - 55.7%; Zn - 32.1%; Cu - 50.4% from 
agricultural land. Soils occupied by perennial plantations differ slightly from the arable land 
on the content of Mn and Zn (Complex program…, 2004). 
 The area of land with low content of Mn in the North and Central areas constitutes 
68.6% and 44.7% in southern part of Moldova. According to low and very low content of Zn 
the surface soil with perennial crops consists: in the North – 72.6%; in the Center - 69.5%; in 
the South - over 72%. The content of mobile Cu in the soils occupied with perennial 
plantations in the North is 26.7% (moderate content) and 21% - (high content) of the 
investigated area. The area of land with low and very low content of Cu is 61%. In the Center 
part, the area of land with high content of Cu is 65%, moderate-25.1%; low - 9.8% from total 
area. Soils in the South occupied by perennial plantations have a high content of mobile 
copper. The surface of such land constitutes 62.7% of total area. Lands with moderate content 
of Cu consist 23.6% and low content - 13.7% (Tab.3). 
 Increased copper content in soils occupied with perennial plantations has been 
determined by the systematic use of copper preparations used to protect orchards and 
vineyards of the disease. Thus, agrochemical research results show that soils of Moldova are 
characterized by a low content of manganese, zinc and copper, especially in arable soils. 
Therefore, in order to optimize the mineral nutrition of crops and obtain higher quality crops 
it is necessary to apply rational micro fertilizers. Doses vary in dependence of the content of 
mobile trace elements in soils, application norms of the organic fertilizers and physiological 











Content of trace elements,  mg/kg 
Very low low moderate high 
arable perennial arable perennial arable perennial arable perennial 
North Mn 23.1 32.5 35.6 36.2 27.3 19,9 14.0 11.3 
Zn 3.5 3.0 69.1 55.0 24.1 39,5 3.3 11.5 
Cu 43.9 23.7 37.3 28.6 15.8 26,7 3.0 21.0 
Center Mn 32.6 29.7 40.0 39.0 19.0 24,2 8.4 7.0 
Zn 13.3 3.9 65.6 52.5 17.6 32,9 3.5 10.8 
Cu 9.3 2.4 21.6 7.4 37.6 25,1 31.5 65.0 
South Mn 9.4 13.7 26.5 31.0 32.6 33,2 31.5 22.1 
Zn 15.5 5.7 56.9 42.2 17.4 30,9 10.2 21.2 
Cu 15.7 4.2 23.3 9,5 30.6 23,6 30.4 62.7 
Republic of 
Moldova 
Mn 21.7 25.3 34.0 35.4 26.3 25,8 10.9 13.5 
Zn 10.8 4.2 21.3 49.9 19.7 34.4 5.7 14.5 
Cu 23.0 10.1 27.4 15.2 28.0 25.1 21.6 49.6 
 
 The total area of land with a very low and low trace elements content that require 
optimization are: manganese – 1.091,3 thousand ha - 55.9%; zinc – 1.376 thousand ha - 
70.5%; copper – 917,4 thousand ha - 47.0% of the agricultural area of 1.952,4 thousand 
hectares (Tab. 3). 
 Balance of nutrients in the soils. Determining the balance of nutrients (NPK) was 
performed in arable soils and under perennial plantations. This allows the scientific argument 
of measures aimed at preserving and increasing soil fertility exploited in agriculture. Balance 
was calculated for nitrogen, phosphorus and potassium, the major mineral elements of plant 
nutrition that considers the yield and quality. 
 Nitrogen balance in arable soils demonstrates that in a period of 200 years in 
nitrogen intake and consumption have occurred changes that conduct to diminution of soil 
fertility. Thus, in the years 1810-1870 with harvests about 5 q/ha grain units, consume of 
nitrogen use was 20 kg/ha. Total nitrogen losses from agricultural soils constituted 43 kg/ha. 
Intensity balance (the ratio between input and consumption) was 92%. This situation 
continued in the period 1870-1910 with average yields 10.7 q/ha (Tab.4). 
 
Tab. 4.  
Nutrients balance in arable soils of the Republic of Moldova 
 
Years 
Nitrogen Phosphor Potassium 
kg/ha thousand  t kg/ha thousand  t kg/ha thousand  t 
1810-1910  -3.0 -3.10 -11.7 -11.9 -157 -160 
1911-1950  -24.6 -41.1 -19.7 -32.9 -239 -399 
1951-1970 -36.7 -64.5 -21.3 -37.3 -285 -501 
1971-1990 -10.4 -8.3 +22.5 +40.1 +217 -387 
1991-1995 -46.2 -71.7 -17.4 -31.2 -278 -498 
1996-2010 -40.3 -61.7 -21.7 -33.1 -201 -309 
  
 At the beginning of last century (1911-1930) nitrogen balance was also negative and 
amounted to 40.2 kg/ha and intensity balance 67%. The deficit was set at level of 33%. 
Balance deficit in 1951-1960 years increased significantly, reaching values equal to 73.9 
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kg/ha and an intensity of 62%. Improved nitrogen balance in the period 1970-1990 essentially 
due to the application of organic fertilizers of 22-27 kg/ha and industrial fertilizers by 41-70 
kg/ha nitrogen. As a result, in the soil has been created an almost equilibrated nitrogen 
balance. Sharp decrease of use in agriculture of nitrogen fertilizers in 1996-2001 led to the 
formation of this element deficit to minus 40.3 kg/ha. This situation characterizes the status of 
nitrogen balance in Moldova’s agriculture (Leah T., Leah N., 2012). 
  Phosphorus balance in arable soils was deficit until the 1970. During 1970-1990 in 
soils of Moldova was created an equilibrated and positive balance of phosphorus (+22.5 
kg/ha) at the expense of organic fertilizers (23-33 kg/ha) and the industrial fertilizers (59-66 
kg/ha P205). Total exports amounted to 53-62 kg/ha. In the current period are set a negative 
balance of phosphorus (22 kg/ha) varieties between 15-50 kg/ha, due to reduce the 
phosphorus fertilizers in agriculture (Tab.4). 
 Potassium balance in arable soils was negative in all study periods (tab.9). In the 
intensive agriculture with chemical fertilizers, (1970-1990) potassium balance was minus 
232-202 kg/ha. At present, the balance of this element remains negative at 187-206 kg/ha. The 
main task in reducing the losses of potassium in arable soils is to minimize soil erosion, 
application of organic fertilizers, crop residues, secondary production and industrial fertilizers 
as recommended. The area of land occupied by vineyards and orchards is 233,8 thousand ha. 
In 1996-2000 period there was established negative nitrogen balance of 10-19 kg/ha under 
orchards and 26-33 under vineyards. Phosphorus balance was negative by 28-41 and 24-28 
kg/ha in orchards and vineyards respectively. Potassium balance is negative and is less deeply 
338-355 kg/ha. Intensity of nitrogen balance is 55% in the vineyards and 69% in the orchards, 
intensity of phosphorus balance - 19% and 17%; intensity of potassium balance - 11% and 
13%, respectively (Tab.4). 
 Physical state of soils. Physical characteristics of soils determine their level of 
fertility. Intensive use of agricultural land and use of heavy machinery, leads to worsening 
soil physical properties and regimes. Texture is one of the main soil physical properties that 
depends directly on several chemical, biological and mechanical properties. Granulometric 
composition, mineralogical composition practically cannot be subject to human intervention, 
therefore the crop cultivation requires adaptation to conditions of soil textural classes. 
In the Republic of Moldova there predominate the moderate textured soils (loam-clay and 
clay-loamy - less) that make up 63% of the area. The total area of soils with coarse texture 
consists up 18% and 1.5% of the skeleton. Heterogeneous textural soils (deluvial, 
stratification, etc.) occupy 17.5%. For Grey soils is characteristic substantially increased of 
the content of physical and fine clay in depth to 7.8% and 11%. Maximum accumulation of 
0.001 mm diameter fraction is in illuvial horizon. Distribution of clay on the other subtypes of 
chernozems profile is uniform. Values of Grey soils hydro inhibition index has been ranged 
from 2.2 to 5.9% and not exceed 1.3 to 4.1% in the chernozems. Dispersion coefficient for 
these types of soil makes up 8-15% and 4-10%, index that corresponds to moderate and high 
capacity of soil structure (Cerbari, 2010). 
 Apparent density coupled with lacunars space characterizes the soil seating. This 
property has been influenced both by natural factors (texture, structure, organic matter 
content) and by the anthropogenic (excessive traffic, tillage system, etc.). Apparent density of 
arable layer of typical and ordinary chernozems falls in the "very low" class (1.14 to 1.17 
g/cm
3
), and it is defined as "moderately loose". Under arable layers of chernozems are 
"slightly loose" with values from 1.25 to 1.31 g/cm
3
 bulk density range. In the Grey soils this 
index is higher (1.35 g/cm
3
), and the stratum is considered as "sunk low." Lower horizons 
have natural compaction (1.33 to 1.48 g/cm
3
) due to pedogenesis factors. According to these 
indexes the soil is weakly or moderate compact. For agricultural soils, a specific form of 
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compaction and destructuration is hardpan formation. In this layer, bulk density reaches 
excessive values from 1.56 to 1.60 g/cm
3
.  Preventing and combating soil compaction will 
be effectuated by its tillage at compact layer depth sunk by raising deep. It is important that 
those measures to be associated with organic fertilization, cultivation of ameliorative crops, 
and optimization of the tillage system. 
 The total porosity in the arable layer of the soil consists 54-57% and falls within the 
class of "large" or "very high" values. In profile, it gradually has been reduced to 45-50%, 
values related to the class "small" and "middle". After these indexes, the soil has been 
estimated as weakly and moderate compaction.  
Agricultural crops, especially irrigated interest of aeration porosity at field capacity. 
 Calculations show that aeration porosity in the upper horizons is high with values 
between 20-27%. In depth, it decreases to 11-18%. For normal development of plant aeration 
porosity is within 15-20%. From hydro physical indices, the wilting coefficient and field 
capacity water presents high importance. The former characterizes the lower limit of available 
moisture, the latter the highest level of accessibility of soil water. Chernozems   are 
characterized by "great" wilting coefficient in the arable an under arable layers. In the lower 
horizons, the index is "moderate". Grey soils are "high" wilting coefficient on the whole 
profile (from 12.1 to 13.9%). Field water capacity depends in the largely on the apparent 
density. According to this index, the profile of agriculture soils has strictly been 
differentiated. In the upper horizons the field capacity are "high" (26-30%), in transit and 
lower horizons - "moderate" (21-25%). 
 Soil moisture between wilting coefficient and field capacity water forms useful or 
productive capacity. Typical, ordinary and carbonatic chernozems are characterized by useful 
water capacity "very high"(16-18%) in the upper layer and "high" in the underlying (12-14%). 
In the grey soils and leached chernozem, the interval of active humidity range is generally 
higher for upper layer (13-15%) and “moderate” or “less” in depth. 
Worsening of physical properties and regimes of arable land has been caused by structure 
degradation and secondary compaction. To minimize these processes it is necessary to 
implement crop rotations, involving perennial grasses (20-25%), organic fertilization, and 
optimization of soil tillage. 
 Biological status of soils. The status of the micro bio cenoses and soil enzyme 
potential has been determined by: soil taxonomic affiliation, duration of farming, used 
technologies, and anthropogenic factors. Abundance and diversity of invertebrates and 
microorganisms, as well as the enzymatic activity decreases in parallel to the soil potential 
energy. Long exploitation of soil fertility in agriculture conditioning changes in the function 
of complex biota. This factor contributed to the activity of mineralization (destructive) 
microorganisms of 1.5-2.0 times, or including those that decompose humus from 7.8 to 15.9 
million/g soil. However there has been found a decrease in quantity (from 49-145 to 24-45 
thousand/g soil) and diversity of fungal along with the emergence of new dominant forms. 
Peroxides activity that catalyzes the decomposition processes of humus, increases by 20-57%. 
 Result of soil invertebrates adapt to crop rotations changes in agrocenoses has 
simplified of fauna complex structure, and essential decrease of diversity. Diversity of 
animal’s indices after Sorenson decreases to 0.582. From 9 species of earthworms found in 
soils of Moldova in the early 60s, in the contemporary agrocenoses there were kept only 5 
species, mainly dominated is Apporectodea roseus. In arable soils is inhibited the activity of 
entomofages, families Carabidae and Ataphylinidae. Their number makes up on average 1.0 
to 2.7 ex/m
3
. Unbalance of mezzofauna ecotrophical complex leads to reduction of 
pedobiontic saprophytic activity. During 1960-2000 saprophagous biomass decreased by 0.4 
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to 0.5 q/ha in leached chernozem and 0.3 to 0.4 q/ha in ordinary chernozem. The enzymatic 
soil potential decreased with 40-70% from baseline (Senicovscaia et al., 2012). 
 Application of industrial fertilizers in recommended doses does not damage the 
functional balance of mezofauna and microbial cenoses. Local pollution of soil with 
wastewater from livestock, by applying rules exceed 800 m
3
/ha and it is accompanied by 
lower functional activity of microorganisms and soil invertebrates. Invertebrate biomass 
decreases from 12.9 to 3.7 g/m
2
, number of Azotobacter from 50-67 up to 13-20 cells/g soil, 
dehydrogenases activity decreases from 0.56 to 0.75 mg TFF/10 g sol/24 hours. 
 The self-purification and restoration processes of soil biological potential takes place 
rather slowly, even in conditions of minimal anthropogenic pressing. Biological 
characteristics of chernozem intensive fertilized, irrigated with mineralized wastewaters from 
livestock has not been restored within 5-7 years after the end of their application. The base of 
the mezofauna, microorganisms and enzyme activity regeneration is the soil enriching with 
organic matter. For this purpose, it is necessary to use all local organically sources including 
manure and crop residues. Recommended measures are effective in crop rotation well 




  Currently degradation processes at various levels are affected 56.4% of agricultural 
land as a result, the annual damage to the republic economy of consist about 3 billion MDL. 
The situation created in agriculture it is necessary to improve the existing system of soil 
fertilizers. For this purpose, it is required a permanent scientific assistance to improving and 
developing new recommendations regarding application of fertilizers on different types and 
subtypes of soils in field crop rotations to obtain the anticipated crop and environmental 
protection. Develop recommendations for fertilizer applications should be made based 
features crops and fertilization system of soil type and subtype, agrochemical indices, crop 
yield and quality, economic evaluation of fertilizer measures. 
 The rational system of mineral fertilizers in agriculture should include: 
 conducting basic agrochemical research to develop Agrochemical study, 
Agrochemical passport, Agrochemical cartograms and Recommendations on the rational use 
of soil cover and organic and mineral fertilizers application. 
 establishing procedures and doses of fertilizers have to be performed on the objective 
status of content of humus, mobile phosphorus, exchangeable potassium, trace elements, 
anticipated harvest levels, fertilization reaction of each culture, other factors that may 
influence their effectiveness. 
 technologies, procedures and periods of fertilizers application have to be established 
by biological features of crops and types, forms, physicochemical and physiological 
properties of each fertilizer. 
 Rational administration of soil means that technologies and activities is combined in 
such a way to achieve concomitant – bioproductivity, food security, protection of soil quality, 
economic viability and social acceptability. This can be done if, it is acted primarily to the 
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